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Abstract 
In attempt to highlight the socio-economic importance and the impact of industrialization and urbanization activities 
on marine ecosystem, the total economic value of marine ecosystem adjacent to Pearl River estuary of China and its 
economic losses from current pollution were calculated in this paper. It indicated that total economic value of the 
studied marine ecosystem amounted to 3.05×104 million US$ annually, among which the value of industrial 
utilization was the most important. The current pollution situation caused an economic loss of 5.04×103 million 
US$ annually, which accounted for 16.5％of the total economic value of the marine ecosystem. Further assessment 
on pollution damages to marine ecosystem showed that ecosystem functions such as regulation, purification, research 
and fishery were impaired significantly.  
© 2010 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering 
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1. Introduction
The marines have been recognized as one of humanity’s most important natural resources in terms of 
ecological, economic, and social importance [1]. Their vastness made them appear to be inexhaustible 
sources and understanding about the goods and services provided by them is very limited, in particular the 
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non-uses value of marine ecosystem, which is always neglected due to the difficulty in looking for an 
appropriate substitute in the market. As a result, the over-exploitation of marine resources occurred, 
which in turn caused the continual degradation of marine ecosystem. Take Pearl River delta for example, 
which located in the south of China (Fig.1.), in the past two decades, coastal ocean pollution by inorganic 
nitrogen became a concerned issue and red tide arose frequently as a result of the rapid industrialization 
and urbanization in this region. At current, most coastal habitats located along Pearl River estuary such as 
mangrove, wetland and seagrass were damaged and the commercial fishery also declined extremely. 
Although a number of literature has examined pollution issues in Pearl River estuary to date [2~6], 
investigation directed towards the economic valuation of the coastal ecosystem in this area has never been 
explored yet. Therefore, it’s vital to value the coastal ecosystem adjacent to Pearl River estuary and its 
economic losses from pollution for the purpose to bring public attention to marine ecosystem services and 
reverse the degradation trend of coastal habitats through the manner of using marine resources in a 
sustainable way.
The papers by Douglas and Bernard[7], Douglas [8], De Groot et al [9], Chee [10], Birol et al. [11] and 
Douglas and Joseph [12] discussed the principles and methods for ecosystem valuation in detail. 
Generally, the steps towards ecosystem valuation involve the translation of ecological complexity 
Fig.1. Location of Pearl River estuary and adjacent ocean 
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into ecosystem functions and the valuation of identified functions. The methods used for ecosystem 
valuation fall into four basic types: (1) direct market valuation, (2) indirect market valuation, (3) 
contingent valuation and (4) group valuation. In most instances, the method what is referred to as benefit 
transfer was recommended due to the advantage of time and cost saving. The economic effects caused by 
marine pollution also have been examined in a number of studies [12~14]. Researchers have found an 
inverted U-shaped relationship between pollution and per capital income level [15~22]. The more general 
methods to value pollution loss include damage costs and restoration costs. Damage costs method is in 
use to calculate pollution damage related to fisheries, industries, human health and tourism in coastal 
areas. Restoration costs method is under the assumption that natural resources and environment can be 
recovered to the same state they had before pollution once restoration has been undertaken. In this paper, 
we focus on the discussion of econometrics method which was developed by Zhu et al.[23] and widely 
applied in the valuation of water pollution loss in China.  
The econometrics method is applied to analyze the relationship between water resource value and 
economic activities so as to pick up the major affecting factors and establish a model to describe the 
economic loss from water pollution. The model（Fig.2.）can be defined as following: if pollutant 
concentration is below the self-purification ability of water environment (i.e. minimum critical 
concentration, C0), then economic losses caused by this pollutant can be considered as zero. When 
pollutant concentration is above C0, economic losses will grow with the increasing of pollutant 
concentration and the maximum economic losses will occur when pollutant concentration is close to the 
maximum (i.e. maximum critical concentration, Cm).  
Based on this theory, economic losses from water pollution can be illuminated with the following 
expression. 
VRL                                                                                           (1) 
Where, L refers to economic losses, V means the value of water environment and R is the parameter 
which depends on pollutants concentration. 
Fig.2. Loss-Concentration curve (from James, et al.[24]) 
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2. Methods  
2.1.  Definition of econometrics model  
Assume there are n  types of pollutants in the environment that contributed to economic losses, 
and ijR refers to the loss ratio when considering the damage of j pollutant to the function i of environment, 
then the differential equation involving pollutant concentration and the value of environment resource can 
be expressed as following: 
)( ii
i
i
ij
j
i LV
V
L
dc
dL                                                                           (2) 
Herein, jc  is the concentration of pollutant j , mg/L; 
       iL  refers to the economic losses from pollutant j , US$;  
       iV  means the value of the function i provided by environment, US$; 
ij  represents the proportion coefficient. 
The following two equations can be deduced based on the solution of equation (2) and equation (1): 
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2.2. Determination of parameters ij and ij
For convenience, the following equations are used based on equation (3) and equation (4):  
Assume             )1(/)1(ln 00 mjjjmjj RRRRf                                                         (5) 
then 
)/( 0 jmjjij ccf                                                                                      (6) 
and
)]/(exp[]/)1[( 0000 jmjjjjjij cccfRR                                             (7)        
It is noted that parameters ij and ij are only associated with the properties of pollutants, therefore, both 
of them can be decided according to Sea Water Quality Standard of China (GB3097-1997). Usually, if the 
concentration of pollutant j is jc0 (minimum critical concentration, as mentioned above), then the 
corresponding jR0 is defined as 1%. When the concentration of pollutant j is close to mjc  (maximum 
critical concentration, as mentioned above), then the corresponding mjR is supposed to be 99%. In our 
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study, jc0 was valued from the concentration data cited in Sea Water Quality Standard of China and 5 ~ 
10 times of jc0 was adopted as mjc for each concerned pollutants.  
When there are more than one pollutant existed in the environment, then the multiple ratio of loss 
(denoted as 'R ) can be calculated in the following way: 
n
j
ijRR
1
' )1(1

                                                                                         (8) 
2.3.  Valuation of marine ecosystem adjacent to Pearl River estuary 
The impacts of marine pollution have been widespread in all aspects of coastal economy, however, in our 
study, only economic losses to fishery, recreation, industry, transport, research, environmental regulation 
and pollutants purification were focused for the following reasons: (1)pollution created the uncertainty 
over the safety of fish consumption and in turn depressed the demand and price of fish products, in 
addition, pollution resulted in the decrease of fish population through mortality and morbidity; 
(2)pollution resulted in beach closings and adversely affected bathing, boating and fishing. The depressed 
level of tourist resulted in less expenditure for local goods and services; (3) utilization of marine water in 
industry was also affected since marine pollution degrade water quality and caused the inability to meet 
desired requirement; (4) research value of marine ecosystem was reduced due to the degradation of 
coastal habitats; (5) policy makers might restrain the construction of dock in view of the increasing 
concentration of oil in the marine, thus, the value of marine transport was depressed; and also the 
functions of regulation and purification of marine ecosystem were destroyed by dense pollutants.  
According to equation (1), in order to obtain the economic losses to fishery, recreation, industry, shipping, 
research, regulation and purification, it’s necessary to calculate the potential values of these services 
firstly. Based on environmental function division of the coastal ocean surrounding Pearl River estuary, we 
used what is referred to as a benefit transfer approach to estimate the economic values of ecosystem 
goods and services due to time and financial constraints, and some statistical data were cited from the 
Eleventh Five-year Plan for the Development of Marine Economy in Guangdong Province of China for 
other uses value calculation. All of the monetary data colleted from references were converted to the 
discounted values in 2009 at an annual rate of 5％.
3. Results and discussion  
3.1. Values of the coastal marine ecosystem adjacent to Pearl River estuary 
Coastal ecosystems in China are of high socio-economic importance by supporting the industries such as 
fishery, transport, oil and gas exploration, which contributed to over 10% of Chinese overall GDP and are 
growing at an annual rate of 15% [25]. The valuation of marine ecosystem can improve the understanding 
of the socio-economic importance of ecosystem and can be used directly to make decisions. 
In our study, the total area of coastal ocean adjacent to Pearl River estuary is 3.9×103km2 (Fig.1.), and the 
total economic value of the coastal ecosystem was found to be as high as 3.05×104 million US$ per year. 
Further calculation showed that the value provide by unit area of coastal ocean amounted to 7.70 million 
US$ /ha.a, which was higher than the results from other studies [26~27] and this can be explained by the 
more intensive exploitation of marine resources in the studied region. The values related to industry, 
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recreation, fishery, transport, regulation (including climate regulation, gas regulation and disturbance 
prevention), purification and research were 1.07×104 million US$ /a, 8.20×103 million US$ /a, 7.09×103
million US$ /a, 2.30×103 million US$ /a, 2.38×102 million US$ /a, 1.87×102 million US$ /a and 
40.1million US$ /a, respectively. Meanwhile, the non-uses value which involve bequest value and 
existence value was estimated to be 1.75×103 million US$ /a. These results were shown in Fig.3. The 
dominating use of the studied ocean was in industry, and the value related to industrial utilization was 
responsible for 35.11％of the total economic value of the marine ecosystem. Based on our results, the 
reported over-exploitation and intensive pollution (about 6.59×103million tones of waste water discharged 
to this coastal ocean annually) of the ocean adjacent to Pearl River estuary were confirmed. Moreover, it 
indicated that the importance of the ocean in environmental regulation should be respected, in addition to 
their traditional importance as the sources of primary and secondary production. 
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Fig.3. Values of the marine ecosystem adjacent to Pearl River estuary. Note that the value of regulation function was the summing 
of the values of climate regulation, gas regulation and disturbance prevention. 
3.2. Economic losses from marine pollution  
Coastal ecosystems in China are facing increasing threats with the economy development in the past half 
century. It was reported that rapid economic development and urbanization in the coastal regions have led 
to the disappearance of 50% of the area of coastal wetlands, 70% of mangroves, and 80% of coral reefs 
since the 1950s [25]. 
According to pollutants monitoring in the coastal ocean adjacent to Pearl River estuary in 2006 to 2008, 
the following four contaminators, inorganic nitrogen, phosphate, chemical oxygen demand (COD) and oil 
were considered as the major contributors to marine pollution. The parameters of and  can be 
calculated with the aid of equation (5) to equation (7) (results were presented in Tab.1.) followed by the 
calculation of loss ratio R with equation (4) and equation (8) before counting total economic losses from 
marine pollution using equation (1)(results in Tab.2.). Based on our estimation, total economic loss from 
marine pollution adjacent to Pearl River estuary was 5.04×103 million US$/a, which accounted for 16.5％
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of the total value of marine ecosystem. It revealed that the impact of marine pollution on the development 
of coastal areas was quite substantial in monetary terms.  
Table 1.  The data of parameters and 
Functions COD Inorganic nitrogen Phosphate Oil     
Fishery 622.1 0.6127 526.4 5.5697 526.4 55.697 985 45.95 
Recreation 274.9 0.2553 312.3 2.8719 312.3 38.2917 458 5.1056 
Purification 458 0.7658 458 7.6583 368 87.5238 274.9 20.4222 
Industry 274.9 0.2553 274.9 2.5528 274.9 22.6914 274.9 2.0422 
Transport 274.9 0.2042 274.9 2.0422 274.9 34.037 368 4.3762 
Research 985 1.1488 985 11.4875 985 153.1667 985 45.95 
Regulation 763.1 1.0211 763.1 10.2111 763.1 136.1481 763.1 40.8444 
Table 2.  Economic losses and damage assessment of marine pollution  
Items Regulation Research Purification Fishery Recreation Industry Transport 
Values（V，102 million US$ /a） 2.38 0.4 1.87 70.93 82.04 107.21 23 
Loss ratio（R，％） 48.6 43.8 41.9 32 14.2 11.5 7.1 
Damage level Middle Middle Middle Middle Low Low Low 
Losses (L, 102million US$/a ) 1.16 0.17 0.78 22.7 11.67 12.3 1.64 
Total Losses (102million US$/a ) 50.4 
Further, it indicated that ecological functions of purification and regulation of the marine ecosystem were 
damaged to the largest extent when compared with other functions (shown in Fig.4.), which implied the 
significant importance to protect marine ecosystem in terms of sustainable environment. The rapid 
industrialization in this region, although contributed to economic development, has resulted in enormous 
losses to economic welfare in terms of ecosystem damage through water pollution.  
       
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Fig.4. Economic losses from marine pollution adjacent to Pearl River estuary. Note that the loss of regulation function was the
summing of the losses of climate regulation, gas regulation and disturbance prevention. 
Moreover, it appeared that the magnitude of economic loss was linked closely to the dependence of 
ecosystem function on water quality, which can be concluded from the ranking of economic losses to 
fishery, industry, recreation and transport. The degradation of marine ecosystem posed more remarkable 
impact on the functions of purification and regulation when compared to other functions, and damage to 
transport was the least due to the lowest dependence of this function on water quality.  
3.3. Assessment on marine ecosystem impairments 
It was well known that environment quality was linked closely to its subjected damage, hence, the 
assessment on marine pollution damages to fishery, industry, recreation, research, transport, purification 
and regulation was also conducted in our research according to the criteria developed by Zhu and Lv [28]. 
In their research, environmental impairment was described in the following way: if economic loss ratio 
(i.e. R ) of certain function is less than 1%, then it means no damage to water environment; if the loss 
ratio is between 1% and 5%, it means slight damage; if the loss ratio is between 5% and 20%, it means 
low damage; if the loss ratio is between 20% and 50%, it means middle damage; if the loss ratio is 
between 50% and 90%, it means serious damage; and when loss ratio is above 90%, it is reasonable to 
consider the ecosystem function has been destroyed completely. According to the criteria, the damages to 
the functions of coastal ecosystem adjacent to Pearl River estuary were judged separately in Tab.2. and it 
demonstrated that marine pollution had posed noticeable damages to the ecological functions of 
regulation, purification, research and fishery, but fortunately the damages to other ecological functions 
were low.  
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4. Conclusion 
In order to improve the understanding of ecological and economic importance of marine ecosystem, the 
total value provided by coastal ecosystem adjacent to Pearl River estuary was estimated in this paper. 
However, it should be noted that the potential values of the studied coastal ocean might be higher than our 
estimation due to the limited knowledge on ecosystem services at present. Because ecosystem services are 
not fully captured in commercial markets or adequately quantified in terms comparable with economic 
services and manufactured capital, they are often given too little weight in policy decisions. Hence, 
conservation and restoration of coastal ocean adjacent to Pearl River estuary will generate a sizeable 
profit of more than 3.05 ×104 million US$ annually if the utilization of marine resources is in a 
sustainable way. 
Economics played an important role in public polices about marine pollution control. The calculation of 
quantitative impacts of marine pollution on economy can help bring attention to the extent of specific 
marine pollution. Therefore, economic losses from marine pollution adjacent to Pearl River estuary were 
also valuated in order to assess the impacts of industrialization and urbanization of this region on the 
marine ecosystem. It demonstrated that pollution occurred currently in this coastal area had resulted in 
sizable economic losses. Considering non-uses value of the ecosystem was unavailable for our generation, 
economic loss to non-uses value of the marine ecosystem was not involved in our study. But in fact, it is 
clear that the quality of the ocean ecosystem will affect our offspring’s welfare when descended to them. 
Therefore, total economic losses from marine pollution adjacent to Pearl River estuary might be more 
than our result and reversing the pollution trend in this coastal ocean can save more than 5.04×103 million 
US$ annually.  
In summary, the marine ecosystem adjacent to Pearl River estuary was significant for the economy 
development of Guangdong, Hongkong and Macau, but it had been subjected to middle level damages 
due to the rapid industrialization and urbanization. Therefore, it’s crucial to utilize the coastal ecosystem 
resources of South China Sea in a sustainable way. National policy actions targeted towards maintaining 
or improving the quality of Pearl River estuary waters are supposed to be benefited from our 
identification and estimation of ecosystem value and economic loss from marine pollution of this area. 
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